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SUGARY 3 
Aerodynamic noise data obtained from a transonic wind tunnel test 
of an x-20/miten rzIc model are reported, Measurements made at 
28 test points on the X-20 payload only were designed to define 
‘the aerodynamic noise environments resulting from separated lov 


and fluctuating aes phenomena associated with transonic flight ~ 


an the Mach number range 0.60 - 1.08. Angles of attack and yaw were. 


‘varied within + 4°,. Reported data include overall and one-third © : 


octave band sound pressure levels and space-correlation coefficients 2 


in the frequency renge-40 - 2500 cps. ‘these have been evaluated for - 


a number of representative test conditions selected fran e total of * : 


202 test runs. . oi. ; e 


No analyses of reported antave are incorporated in the present 

document which is essentially a ost data report intended to scoelie = 
data for subsequent analyses. ‘The latter will be conducted by | 

X-20 Structures and Materials Technology relative to specific stultes 
of interest, e.g., comparison of measured data vith  iigaaie eero- ; 
dynamic noise environments at specific locations’ on ‘the x20 configura 
tion. Brie? descriptions of instrumentation and basic test procedures 


ere prescited. 


This test represents the Boeing Company's portion of the X-20/Titan ITIC | 


_ buffet test program conducted jointly with the Martin-Merietta Company. 


“The test was conducted during the period of 22 April 1963 through 


1 May 1963 at the NASA/Ames 14 foot wind tunnel facility. 
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INTRODUCTION 


| Aerodynanic noise (buffeting) is eres to be the primary 


cause of Gao structural vibration during flight. Early in 1962 
The beeine Coapay conducted wind tunnel tests to measure the fluctu- 


ating nerodynanic pressures on a nodel X-20 abort vehicle (data reported ! 


in Boeing Document 02-60713). Analyses of test data indicated that 


ray sound levels were within the acoustic design environment for 


the external surface of the X-20 glider. Data were lacking, however, 


which established the effect of the Titan Tt. booster configuration on 


the acoustic environment at aft sections of the glider during the trans- 


o onte ‘boost phase of flight. 


- Merouxy flight data measured at the ‘booater/capsule adapter 


" shoulder indicated the existence of rms fluctuating pressure magnitudes 


of the. order of 108 to, 20% of the free. ‘stream dynamic pressure during: 


_ the tranzonic portion of. flight (NASA Technical Note D-997). Similar 


*e aitits were observed in wind ‘tunnel tests, employing various payload 


‘shapes, conducted at the NASA/Ames ‘Research Center (NASA Technicsl 


Notes X-503, X-646)- Extrapolation of these data to the X-20 con- 


figuration resulted in an increased acoustic design eavinonuemt for 


te me glider-booster | transition section, . 


"th view. or es above ‘considerations, the tant program described 


s the: present docunent was conducted to aid. in. SeApeS derining the 


“ aeanistte environnent associated with, the 20, ion 
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45— 


cat a level of 124 db and a frequency of 250 cps. 
cated by the reference microphone, was maintained by use of compressor 


'& Kjaer graphic level recorder for direct comparison of frequency 


Honeywell Model ‘LAR 7400 tape recorder Carre ae nial recorder 
to the left of the figure). The second tape recorder shown (to the 
right) in Figure 6 is a l-channel Ampex Model CP 100 used oo re 
record the test date for data zpeuetien at Boping-Seattle in come 
pliance with e peal erent, specifying retention of all original - date 


tapes ‘at the Ames Necearch Center. a in 


Calibration — 


Frequency Response Response 
A block diagrem of instrumentation ‘used for frequency response 


calibration of the Ames transducer systems is shown in Figure 7. 
Calibration was performed by a closed-coupler, pressure calibration 
technique, using a wedge-shaped pressure coupler. | 
uce Anes transducer and a 1/4 inch diameter Bruel & Kjaer Model 
4136 condenser microphone, employed as a secondery standard, were 
mounted with their diaphragms fluch with the internal cavity of the 
closed-coupler calibrator. The stendard microphone wes calibrated 
by an electrostatic actuator and found to have a flat frequency response 
from 40 through 2500 cps.’ The sensitivity of ‘the stendard microphone 


was checked prior to each calibration with a Bruel & Kjeer pistonphone 


The acoustic driver wit was excited by a sinusoidal sweep’ signal; 


@ constant sound pressure level of 105 db re 0.0002 microbar, es indie: 


circuitry over a 40 - 2500 cps frequency range. Praces of the output 


signals of the Ames and reference transducers were obiained on a Bruel 


response of the two transducers to a common sound pressure level 
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Five of the 28 Ames transducers used in this test program were 


individually calibrated by the method described. The frequency 
response characteristics of these five transducer systems are shown 
in Figure 8 (a-é). These curves indicate some dropping off of 


response at frequencies above 500 cps for two transducers; compensa — 


tion for this response’ characteristic for the transducer systems 


‘not individually calibrated was accomplished by applying a frequency 


response correction as determined from Figure 9, which shows the 


average response correction curve for the five transducers individually 


calibrated. 
: ke * 
Phase Shift Determination ° 


A block diagram of the instrumentation to determine the phase 
relation between transducer systems used for evaluation of space- 
correlation coefficients is shown in Figure 10. 

To Ames transducers were momted in the closed-coupler calibrator, 
which imposed an in-phase dynamic pressure with single frequency excita- 
tion of the acoustic driver mit. The output signals of the trans~ | 
ducers were amplified and recorded on magnetic tape by’ the Honeywell 
Model LAR 7400 recorder. | . 

The recorder signals were played back, with the signal from one 


transducer directed to one axis of an oscilloscope and the signal from 


ithe other transducer directed through a phase shifter to the other 


axis of the oscilloscope. The phase shifter was adjusted until the 
Lissajous figure on the oscilloscope indicated no phase shift between 


the two signals; the phase angle was then read directly on the phase 


shifter dial. 
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The phase angle between the two systems forming each pair used for 


space correlation evaluations is shown in Table I, Specific transducer 


system - tape recorder channel assignments were maintained throughout 
the test program. These assignnents are listed in Table II, which 


also shows the corresponding Ampex CP 100 recorder channels on which 


data for space-correlation measurements were copied. 


-Absolute Sound Pressure Level Calibration 
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Transducers were calibrated with reference to an absolute sound 
pressure level after mounting of the model in the Ce A 
battery-operated, transistorized acoustic calibrator, especially fab- 
ricated for this application to provide a compact, portable unit, 
imposed a sound pressure level of 150 db re 0.0002 microbar at a 
frequency of 1000 cps at the transducer diaphragn. 

Daily static pressure calibration," using an input gage pressure 
of -1.0 psi, was performed on all transducers by a member of the Ames 
Research Center Staff. For transducers that were mounted in the model 
-2d inaccessible to the dynamic pressure calibrator, the static pressure 
calibration data were applied. This procedure was based on consistent 
agreement noted between results of both static and dynamic pressure 


calibration of other transducers. 


Vibration Response of Transducers 

The Gattectiren response characteristics of typical Ames transducers 
were evaluated prior to testing. Results of previous X-20 model — 
(Martin Marietta Co. Inertia comnenaaees Balance Tests) conducted in the 
14~foot transonic wind tunnel indicated that a maximum overall vibration 
environment of lg rms could be expected. Based on these findings, all 
venonted acoustic data are at least 8 db above the level corresponding 


to the maximum signal due to vibration response. 


commen: | 8° Pen8Gh 
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Pre-test procedures 
' Daily calibration was performed on all transducers on the mounted 


model, as described in the preceding section, and the system response _ 
to the absolute sound pressure level calibration signal was recorded. 


Cerrier amplifiers were’ balanced prior to recording all calibration 


signals and before a test rune 


é 


Test Conditions | 

: : The test conditions were selected to cover the range of interest 
ont planned in a sequence allowing niniimm delays for mode] changes. 
Complete print-outs of model attitude and tunnel parareter values were 


‘obtained during each test run which was conducted for e minimum dura- 


tion of one minute under stable confiitions. Test rms (identified by 


correlation numbers), corresponding tunnel Mach numbers, and angles of 


‘atteke and yaw defining model attitudes are listed in Table III (a). 


Nozinal values of tunnel paraneters corresponding to given Mach 
nuiber conditions are show in Teble III (b). | 

Test signals from the 28 transducers were monitored, attenuated 
if necessary to prevent overload, and recorded on the Model LAR 7400 


tape recorder for one minute of test run under stable conditions. 


Re -récording of of Test Data 


As mentioned, all test data were re-recorded on the Ampex Model 


_ CP 100 in compliance with the requirement for all original data tapes 
to reuain at the Ames Research Center. Additional considerations 


. associated with the recording and re-recording procadties inolude the - 


’ 


following: 
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A characteristic frequency response drop at 2500 cps was noted ' 


on all channels of the Honeywell Model LAR 7400 tape recorder; Table 


%D 


wie IV lists the appropriate correction applied to soumd pressure level 
; | data for the one-third octave band centered on 2500 cps to. compensate 
for the frequency response of each data channel of the LAR 7400 rex, 
corder. No additional correction for tafe recorder frequency response 
is required, based on the observation of a flat frequency response 
throughout the 40 - 2500 eps range of interest for all channels of the 
‘Ampex CP 100 recorder. 
, Phase angle shifts, of interest to space-cox:slation evaluations, 
j were significantly affected by the reerecording procedure. To check 
| 
I 


for phase shift, a common signal was recorded on all channels of ‘the 


ose e 
cid 


Model LAR 7400 tape recorder, played back, end re-recorded by the 


3 nage. 82 


O 


Ampex CP 100 recorder and played vack through a phase detection 
circuit. Figure ll is a block diagram of the Snetiimentation used 

for checking the phase shift of recorded and re-recorded data through 
the two tape recorders on the various pairs of data channels used for 
space-correlation evaluations. ‘eble V lists the phase shift values 
associated with the indicated pairs of LAR 7400 and CP 100 dats channels 


3.5 Data eduction 
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365-1 Sound Pressure Level Data 
| Acoustic instrumentation used for reducing the taped test data to 
obtain sound pressure level values in one-third octeve bands of frequen-| 
cies is shown in Figure 12, Spectrum analysis of the c-oustic data 
was accomplished by playing the data tapes through one-third octave 


band filters and obtaining traces of the true rms output’ voltage 


| Ss signals on a graphic level recorder. The traces were, referericed to 
3-407 1-1 060 
Tm ASA NO. alee 
LDED EGA Or } >- 
/? PAGE 16 
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the voltage trace corresponding to the 150 db calibration signal to 


determine one-third octave band sound pressure level values. ‘These 
‘yalues defined a sound pressure level spectrum in the frequency range 


40 « 2500 eps after appropriate corrections were made for frequency 


_ response of the transducer system and tape recorder. Summation of © 
the oneethird octave band levels yielded an overall sound pressure 
level in the frequency range of interest. : 

In some cases, however, only the overall sound pressure levels 
were determined by playback of data tapes through a@ broad band filter 


passing all frequencies in the 40 - 2500 eps range. Since these 


values are not corrected for frcquency response, they may reflect 
Slightly different values for overall sound pressure level data 
relative to the ovewall sound presswre level value computed by su=.- 
tion of component one-third octave ‘sand somd pressure level date. 
O | The commuted values are distinguished by on asterisk following the 


tabulated overall sound pressure level deta. Tae ‘atfference in 


a eet eens le of acs eT 223 Lo 


a velues of overall sowd vressure level determined by the two methods 
deseribed will be greatest for «stra which peak at frequencies 


where system and tape recorder response begins to fall off. 


| 3.5.2 Space Correlation Data 
Acoustic instrumentation wed for determining voltage values 


i 
required for evaluation of space-correlation coefficients (R) is 
shown in Figure 13. 


Signals from two transducers, "a" and "b", used to form one 


pair for space correlation coefficient evaluations, were played- 


back through a sum and difference amplifier which performed a 


Y3-407 1-1 600 
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vector addition end subtraction of the two signals. The magnitudes 
of the signals of the two systems were equalized by amplifier gain 
controls, and the space correlation coefficient, R, was evaluated 


by the expression, 


E.F Bl 


(ms) 


a) 
8 


—P 
where Ea voltage output of transducer system "a" 


E voltage output of transducer system "b". 


4.0 RESULTS 


lea Sound Pressure Level Data : 


Sound pressure level data in one-third octave bands of frequency, 


corrected for attenuatcr settings and system frequency response 


characteristics, are reported in Table VI and Figure 14. Overall 

} sound pressure level data evaluated by playback of data tapes through 
a broad band filter, as described in the preceding section, are shown 
in Table VII. Note that tabulated values of overall sound pressure 


level which were computed by summation of component one-third octave 


| 

| 

|! 

| band levels are identified by an asterisk. 

Wind tunnel background noise levels bey th Mach number range 
| 0.7 - 1.1 are show in Figure 15 for com..':.son of measured noise 
| data relative to background sere: Data shown in Figure 15 were 

| measured by the Ames Research Center Start during previous tests 


conducted in the 14-foot transonic wind tunnel. " 
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4.2. 


Space-Correlation Coefficient Evaluations 


Space-correlation coefficients evaluated for selected tesi 
conditions and pairs of data systems are shown in Table VIII. Figure 


16 shows space~-correlation coefficients for various one-third octave 


“bands in the 40 - 2500 cps range considered. It should be noted that 


considerable phase shifts were introduced by the instrumentation; 
this seriously limits the usefulness of the measured space-correlation 
coefficients. Therefore, no spucc-correlation data are reported at 


frequencies where the phase shift exceeds 20°. 


Transient Pressure Fluctuations 


A small portion of the acoustic data indicated large transient 
pressure fluctuationse Typical oscillograph time history traces of 
the peak fluctuating pressure measured are shown in Figure 17. The 
large transient pressure phenomenon was observed from measurements 
made from the. cylindrical transition section but the deta are not 
reported in the acoustic test resultse ‘The values of transient 
condition Peo tad cated in Pigures 17b and 17c. Similar transient 
data have been reported-in other wind tunnel tests (NASA D-1633). 


The major portion of the acoustic data measured is of the typo 


‘shovm in Figure 17a and is condidered to be most representative of 


the acoustic loading on the glider/transition structure. However, 
Boeing X=20 Structures will evaluate the significance of the 


transient phenomenon (Figure 17> and 17c) in detail.’ © 
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